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In this paper, well-crystalline Ag2O/ZnO and ZnO/Ag2O nanocomposites were prepared 

by a facile chemical method. Structural, morphological and optical properties of the 

nanocomposite were studied using various advanced characterization techniques such as 

X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), Fourier-transform infrared spectroscopy (FTIR), UV-Visible (UV-

Vis) and photoluminescence (PL) spectroscopy. The Ag2O and ZnO were clearly 

identified in the composite from SEM and TEM. Significant shifting observed in the both 

UV-Vis and PL spectroscopy. In addition, electrocatalytic activity of the Ag2O/ZnO and 

ZnO/Ag2O nanocomposites studied by an electrochemical workstation. The ZnO/Ag2O 

nanocomposites showed better optical and electrochemical properties due to decorating the 

low-band gap Ag2O on the surface of hexagonal structure ZnO nanoparticles. 
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1. Introduction 
 

Semiconductor nanomaterials are the most widely studied types of energy production 

consents [1,2]. Silver nanoparticles are one of the widely used materials in the world production in 

the range of 360–450 tons per year. Silver particles have multifunctional properties that are the 

reason it is very demand in producers’ side. It is now well established that Ag nanoparticles have 

antimicrobial, antifungal, antiviral, catalytic, sensory and other properties which make it possible 

to apply them in various field: water treatment, textile manufacture, chemical industry, medicine, 

pharmaceutical industry, etc. There are currently a number of traditional methods know to produce 

silver nanoparticles with specific physiochemical properties, such as physical, chemical, 

photochemical and biological methods. Zinc oxide (ZnO) is another interesting material, mainly it 

can be used as a photocatalyst and has drawn more attention due to its attractive photocatalytic 

performance [3,4]. The photocatalytic activity of metal oxide nanoparticles is closely associated 

with the surface morphology [5]. The ZnO nanoparticles with hierarchical and hexagonal-like 

morphology demonstrated attracting application in degradation of textile dyes due to the increased 

optical absorption efficiency and high specific surface area [6,7]. However, because of the wide 
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band gap of ZnO (3.2 eV), only limited range of solar radiation can be used and the 

photogenerated charge carriers are liable to recombination, leading to low quantum yields. In order 

to improve its photocatalytic performance, one of approach is to combine ZnO with a narrow-band 

material with cover a wider range of light absorption and a minimum rate of the recombination of 

photogenerated charge carriers. 

For the past few decades, several reports focused on the higher photocatalytic efficiency of 

ZnO by coupling with appropriate nanomaterials such as TiO2, Bi2O3, CuO and ZnS [8–11]. The 

efficiency enhancement on the degradation of textile dye can be ascribed to the effective 

separation of photoinduced charge carriers. Moreover, the charge carrier separation would be 

significantly improved and highly efficient particularly in the inner electric field, which was 

formed by a p-n-type, such as CuO/ZnO [12] and NiO/ZnO [13]. Silver oxide (Ag2O) is an 

interesting p-type semiconductor with a low band gap (1.3 eV). Recently, TiO2 and Bi2O3 were 

effectively modified using silver oxide by decorated on the bare metal oxide surface [14]. 

According to the heterojunction of Ag2O and TiO2, the recombination of charge carriers was 

significantly inhibited by moving for the energy band matching and the build-up inner electric 

field, resulting increase photocatalytic performance [15,16]. To the best of our knowledge, there is 

no report in the literature on the photocatalytic study together for Ag2O/ZnO and reversed 

ZnO/Ag2O nanocomposite. 

In this work, mixed crystal structures of Ag2O/ZnO and ZnO/Ag2O nanocomposites were 

prepared through a facile chemical method. The as-prepared nanoparticles of Ag2O/ZnO and 

ZnO/Ag2O nanocomposites demonstrated good quality of crystalline nature and optical property.  

 

 
2. Experimental details 
 

2.1. Materials 

Silver (III) nitrate (Ag(NO3)3, 99%), Zinc acetate (Zn(CH3COO)2•2H2O, 99%), 

polyvinylpyrrolidone (PVP, MW ~40,000), sodium hydroxide (NaOH, 99%), acetone 

(CH3COCH3), ethanol (C2H5OH, 99.5%), were purchased from Sigma-Aldrich. 

  

2.2. Synthesis of Ag2O/ZnO and ZnO/Ag2O nanocomposite  

The Ag2O/ZnO and ZnO/Ag2O nanocomposite were synthesized by simple chemical 

precipitation method. Briefly, 0.2 M of Ag(NO3)3 was dissolved in 50 mL of de-ionized water 

under stirring at 80ºC. Then, 1 g of PVP solid powder was added into the above solution. The PVP 

was used as surfactant to control particle size during the preparation. After 10 min, 2 M of NaOH 

in 50 mL was added drop wise into the above solution and continued the stirring for 1 h. Then, 0.5 

M of (Zn(CH3COO)2.2H2O solution in 50mL ethanol was added drop wise into the above solution 

under vigorous stirring at room temperature. The resulting mixture was stirred continuously for 2 

h. Then, the resultant products were collected by centrifugation, washed with distilled water, 

ethanol and acetone by several times to remove the impurities and dried the wet sample in hot air 

oven at 120ºC for 2 h. Finally, the powder was collected for characterization. Following the same 

synthesis procedure, ZnO/Ag2O nanocomposite was synthesized by exchanged the chemical of 

silver nitrate and zinc acetate. 

 

2.3. Characterization  

The X-ray diffraction (XRD) patterns of the powdered samples were measured using an 

X'PERTPRO Advance Powder X-ray diffractometer. The morphology of the nanocomposites was 

investigated using a TEM (Technai20G2, FEI) microscopy. Optical absorption spectra of samples 

were recorded using a UV-1650PCSHIMADZU spectrometer. Fluorescence study was performed 

on an RF-5301PC spectrophotometer. 

 

2.4. Electrochemical measurements  

Electrochemical measurements were performed using Biologic Electrochemical 

workstation. Three-electrode cell system used for study the electrochemical activity of the 

nanocomposites. The Ag2O/ZnO and ZnO/Ag2O were used as a working electrode, a platinum 
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wire as counter electrode, and Ag/AgCl used as a reference electrode. The Ag2O/ZnO and 

ZnO/Ag2O based modified electrodes were fabricated by coating slurry containing a mixture of the 

nanocomposite (80 wt%), Nafions 117 solution (20 wt%). Then, the coated mesh was dried at 

80°C in vacuum for 12 h. The cyclic voltammetry (CV) measurements of the modified electrode 

were carried out at a scan rate of 20 mV s
-1

. 

 
 
3. Results and discussion 
 

X-ray diffraction (XRD) was used to study the structural information of nanocomposites 

as shown in Fig. 1(a). In the case of ZnO, the strong diffraction peaks at 2θ = 31.7°, 34.4°, 36.3°, 

47.5°, 56.6°, 62.9°, 67.9°, 69.1°, 72.5°, 76.9° could be assigned as (1 0 0), (0 0 2), (1 0 1), (1 0 2), 

(1 1 0), (1 0 3), (1 1 2), (2 0 1), (0 0 4) and (2 0 2) (JCPDS card NO. 76-0704), respectively [17]. 

The diffraction peaks marked with (*) at 2θ = 66.3 could be indexed to Ag2O (2 0 0) respectively, 

corresponding to cubic structure Ag2O (JCPDS card No. 75-1532) [18]. The XRD results are 

clearly shows that the nanocomposite is composed by the ZnO and Ag2O with a high degree of 

crystallinity. Since the diffraction peaks of ZnO are very strong, the low intensity diffraction peaks 

of Ag2O disappeared. The magnified diffraction peaks of Ag2O/ZnO and ZnO/Ag2O 

nanocomposites are shown in Fig. 1(b and c), respectively. The diffraction peaks of Ag2O marked 

with (*), all the peaks are related to cubic structure Ag2O (JCPDS card No. 75-1532) [18]. 

 

 
 

Fig. 1. (a) XRD pattern of the Ag2O/ZnO and ZnO/Ag2O nanocomposites, (b) Magnified XRD pattern 

of the ZnO/Ag2O and (c) Magnified XRD pattern of the Ag2O/ZnO nanocomposites. 

 

 

In order to obtain the detailed information about the morphology of the nanocomposites, 

SEM study was carried out, the obtained results are presented in Fig. 2. The Fig. 2(a-b) shows the 

SEM image of Ag2O/ZnO with aggregation of tiny and spherical nanoparticles. The SEM images 

of ZnO/Ag2O nanocomposite showed highly-ordered nanocomposite with decorated or distributed 

of very tiny Ag2O nanoparticles on hexagonal structure of ZnO surface as shown in Fig. 2(c-d). 

The images showed that ZnO nanoparticles with a diameter of about 100 nm were slightly 

agglomerated after Ag2O impregnated ZnO nanoparticles with a quite uniform shape and size [19]. 

The SEM observation is clearly showed that the preparation method, particularly the inclusion of 

precursor time is played a major role to control the morphology of the nanocomposite. 
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Fig. 3(a-b) and 3(c-d) shows the TEM images with various magnifications of Ag2O/ZnO 

and ZnO/Ag2O nanocomposite, respectively. Transmission electron microscopy (TEM) images are 

clearly showed that the synthesized nanoparticles were spherical and hexagonal structure in shape 

with an average size of 20 nm and 150 nm, respectively [20]. The corresponding selected area 

electron diffraction (SAED) pattern exhibited a polycrystalline ZnO hexagonal crystal formation, 

as shown in Fig. 3a and Fig. 3d, inset. The multiple diffraction rings confirm the mixed phase of 

the above samples. 

 

 

 
 

Fig. 2. (a-b) SEM images of the different magnification of Ag2O/ZnO and  

(c-d) ZnO/Ag2O nanocomposites. 

 

 

 
 

Fig. 3 (a-b) TEM images of the different magnification of Ag2O/ZnO and (c-d) ZnO/Ag2O  

nanocomposites. 
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The FT-IR result of the nanocomposites is showed in Fig. 4. Several well-defined peaks 

could be observed in the spectrum. The bands obtained at 588.29 cm
-1

 and 706 cm
-1

 which is 

attributed to the Ag-O stretching vibration [21]. The peak located at 883 cm
-1

 could be assigned to 

Zn-O bending vibration. The broad peaks at 3433 cm
-1

 and 1661 cm
-1

 are ascribed to the stretching 

and bending vibration of O-H of the adsorbed water molecules on the surface, respectively. The 

strong bands at 2918.3 cm
-1

 and 2882.72 cm
-1

 are representatives of alkaline C-H stretch. Affiant 

band at 1647.21 cm
-1

 is a representative of C-H stretch. A band at 1489.76 cm
-1

 is related to 

aromatic C-C stretch. Strong bands at 1382.96 cm
-1

, 1230.58 cm
-1

 and 1105.21 cm
-1

 are 

corresponding to C-O stretching vibrations. The additional bands at 970.19 cm
-1

, 850.61 cm
-1

, 

721.38 cm
-1

 and 626.87 cm
-1

 are due to aromatic C-H bending mode [22]. 

 

 
 

Fig. 4. FTIR spectra of the Ag2O/ZnO and ZnO/Ag2O nanocomposites. 

 

 

The optical properties of synthesized samples were probed using UV-vis absorption 

spectroscopy and displayed the results in Fig. 5a. As estimated, the typical spectrum of Ag2O/ZnO 

and ZnO/Ag2O with its fundamental absorption edge arising in the range of 350-400 nm. It is 

notable that compared to ZnO, the absorption edge slighted towards red region, which may be 

caused by the Ag2O in composite. The bulk band gap as Ag2O has a narrower band gap (2.84 eV) 

than ZnO (3.37 eV). The absorption intensity of ZnO is stronger than others in the visible region, 

suggesting an optimal electric surface charge of the oxide within the samples due to the 

introduction of the Ag2O which can possibly cause modifications of the fundamental process of 

electron-hole pair formation during irradiation [23,24]. 

Room-temperature photoluminescence (PL) measurements is used to characterize the 

optical properties of nanoparticles. The emission spectra of the Ag2O/ZnO and ZnO/Ag2O 

nanocomposites are showed at 525 nm and 750 nm (Fig. 5c-d), respectively. The PL of Ag2O/ZnO 

exist two emission bands: a near band edge emission appeared in the UV range and a visible 

emission band due to the defects [25]. The two emission peaks for Ag2O/ZnO are centred at 525 

and 574 nm. In the PL spectrum of ZnO/Ag2O, a narrow emission centred at 750 nm. The results 

were clearly demonstrated that the Ag2O particles block both direct and trap-related charge carrier 

recombination pathways since Ag2O on the ZnO surface can extract electrons from the conduction 

band of ZnO and act as a sink which can store and shuttle photogenerated electrons. 
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Fig. 5 UV-Visible absorption spectra images of the (a) ZnO/Ag2O and Ag2O/ZnO, (b) Tauc plot of 

ZnO/Ag2O, Ag2O/ZnO nanocomposites, Photoluminescence spectrum of the (c) Ag2O/ZnO and (b) 

ZnO/Ag2O nanocomposites, respectively. 

 

 

To testing electrochemical activity of the Ag2O/ZnO and ZnO/Ag2O nanocomposites, 

cyclic voltametric (CV) study was performed. The Fig. 6 shows the CV curves of as-prepared 

Ag2O/ZnO and ZnO/Ag2O electrode were analyzed in 0.1 M LiClO4 in acetonitrile (ACN) 

electrolyte at constant scan rate of 20 mV/s. The observed potential ranges are different for each 

sample and it selected based on the materials performance. The selected potential window for 

Ag2O/ZnO is -2.5 to 2V and ZnO/Ag2O is -1.2 to 1.14 V, respectively. The CV curves for 

Ag2O/ZnO sample showed one anodic peak in forward scan and straight line occurred at cathodic 

peak. The ZnO/Ag2O showed anodic and cathodic peaks in both forward and backward scan rate 

[26]. The shape of the CV curves and positions of the oxidation and reduction peaks are changed 

significantly compared to Ag2O/ZnO. The rate of charge transfer depends on the diffusion of 

anions and cations towards the oxide/solution interface as well as the overlap of the electronic 

levels in the solid with the redox species in the solution [27]. The peaks shapes indicate that the 

nanocomposites can be used for supercapacitor and batteries.  
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Fig. 6 CV curves of the (a) Ag2O/ZnO and (b) ZnO/Ag2O nanocomposites. 

  

 

4. Conclusions 
 

In summary, high quality Ag2O/ZnO and ZnO/Ag2O nanocomposites were synthesized 

and characterized using different characterization techniques. Two distinct morphologies obtained 

for Ag2O/ZnO and ZnO/Ag2O nanocomposites, additionally, the compounds presence in the 

nanocomposites were also distinguished. The wider band gap of the ZnO was remarkably reduced 

by using the low band gap of the Ag2O. The PL emission is clearly showed in two different 

regions for the nanocomposites. Interestingly, remarkable oxidation and reduction peaks observed 

for the ZnO/Ag2O nanocomposites with the potential range of -1.2 to 1.14 V. The high potential 

difference electrode material can be used for supercapacitor and battery application in future. 
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